INTRODUCTION
Recently, in the Republic of Korea, the extremely low birth rate has become a serious national issue. Various social changes such as far advanced maternal age and the subsequently increased infertility rate, and recent development of assisted reproductive technologies lead to increased multiple and preterm births in the nation (1) (2) (3) (4) . These result in an absolute increase in high-risk newborn infants, including preterm infants. Neonatal deaths and major complications mostly occur in premature infants, especially in very-low-birth-weight infants (VL-BWI; less than 1,500 g of birth weight), who require intense care in a neonatal intensive care unit (NICU). Internationally, the outcomes of VLBWI are known as a reflection of the quality of neonatal care provided in NICUs in the nation (5, 6) .
For the first time in Korea, a nationwide prospective Web-based registration system for VLBWIs, the Korean Neonatal Network (KNN), was organized (7) . Operation of the KNN was started officially on April 15, 2013, by the Korean Society of Neonatology (KSN), with support from the Korea Centers for Disease Control and Prevention (CDC). The KNN is not only a national registry for VLBWIs but also an infrastructure for multicenter clinical trials and quality improvement of neonatal care, which leads to the ultimate development of evidence-based neonatal medicine in Korea.
The purpose of this review is to provide a systematic overview of the KNN, including its background and purpose, organizational process, unique systems, and future perspectives.
BACKGROUND AND PURPOSES OF THE KNN Background
The total fertility rate in Korea was only 1.19 in 2013, which is one of the lowest in the world and a markedly reduced level compared with 1.65 in 1993, 20 yr ago. According to birth statistics (8) , the total number of live births in Korea has decreased from 715,826 in 1993 to 436,455 in 2013, equivalent to a 40% decrease in 20 yr. In contrast, the number of low-birth-weight infants (less than 2,500 g of birth weight) was increased from 18,532 (2.6% of total live births) in 1993 to 24,189 (5.5% of total live births) in 2013, indicating a twofold increase in 20 yr. Moreover, the number of VLBWIs was 929 in 1993 and 2,961 in 2013, indicating a numeric increase of 318%. The prevalence of VLBWIs among the total live births increased from 0.13% to 0.68%, equivalent to a 523% increase during the past 20 yr. Such high increases in the numbers of low-birth-weight and premature infants are derived from various social changes, including far advanced maternal age (1, 3) , subsequently increased infertility rate, and increased number of artificial pregnancies (4) . In other developed countries such as the United States and Japan, which have already experienced these processes, the current prevalence of low-birth-weight or preterm infants is as high as 8%-10% (9) . Therefore, the number of premature infants in Korea is expected to increase even further in the future.
Meanwhile, owing to recent advances in perinatal and neonatal medicine, the survival rate of high-risk neonates, especially VLBWIs, has significantly increased recently in Korea. However, it is still lower than that in other developed countries (10) . Moreover, the survival rate (11) and incidence of complications of VLBWIs such as bronchopulmonary dysplasia vary significantly between NICUs (12). Therefore, new evidence-based strategies to improve neonatal intensive care quality in Korea are urgently needed. Because the number of VLBWIs is only less than 1% of the total live births in the nation, the available data are insufficient to develop a reliable evidence-based strategy in a single center or in several centers. Collected data from a large number of patient groups are more accurate and credible than those collected from a single institution or several institutions. Therefore, to obtain a large collection of data for highrisk newborn infants such as VLBWIs, a national multicenter neonatal network is obligatorily needed.
Neonatal network refers to the group of NICUs in different hospitals that participate in the registration system that collects data prospectively and persistently based on the definition agreed upon (13) . Its core function is not only to improve the level of care in participating institutions by providing evidence-based feedback and facilitating collaborative neonatal researchers but also to develop national health-care policies based on their own population statistics. Other developed countries have already organized and implemented a neonatal network, thereby contributing to a large population-based data collection and healthcare statistics at a national or international level, providing a tool for quality improvement, and facilitating multicenter clinical trials beyond differences between hospitals, areas, and countries. In addition, they actively publish numerous research articles by using network data. Table 1 lists well-known major international neonatal networks, actively operating with the generation of large-scale national or international data for high-risk newborn infants and contributing to the development of national health-care policies and evidence-based neonatal medicine.
Purposes
The mission of the KNN is to provide a population-based national core data to plan appropriate health-care policies for highrisk newborn infants by establishing a national Web-based registry. The KNN offers data-driven interactive tools for quality improvement to participating NICUs for improving neonatal outcomes. The KNN also provide the infrastructure to facilitate collaborative multicenter clinical research. The KNN would generate evidence-based effective strategies to improve the survival rate and decrease the complication rate of high-risk newborn infants that finally result in a decrease in socioeconomic burden and an increase in effective economic population in Korea, a nation with an extremely low birth rate.
LAUNCHING OF THE KNN
The KSN had been considering creating a national-based neonatal network for the reasons mentioned above since its establishment on 1993 (Fig. 1) With its official name "Korean Neonatal Network (KNN), " the KNN was started in January 2013, officially awarding in February 2013 the project called "Construction and operation of national registry for the development of management index of very-low-birth-weight infants in Korea, " funded by the Korea CDC. The electronic case report form (e-CRF) for the KNN registry was designed based on the internet-based clinical research and trial (iCReaT) system, a Web-based clinical trial management system established by the Korea CDC in Osong. Before granting login right to the iCReaT system, KNN participants underwent an educational seminar for the use of the iCReaT system. Meanwhile, the KNN official homepage (http://knn.or.kr) (23) and a real-time data display system within the homepage linked with e-CRF data were developed. In March 2013, an official KNN logo was introduced, and members of the executive committee and extended advisory committee were also determined. In a formal ceremony for the establishment of the KNN was sponsored by the KSN and supported by the Korea CDC, held at Samsung Medical Center on April 15, 2013, during which the KNN commenced its official operation (7).
THE STRUCTURE OF THE KNN Organization
As shown in Fig. 2 , KNN organizations are composed of mainly two parts, namely the executive and advisory committees under the supervision and support of the Korea CDC.
The executive committee comprises an executive director, an executive secretary general, other executive board members, and sub-executive board members, along with a central coordinator, data managers, and monitoring clinical research assistants (CRA). It has four subcommittees, namely the protocol, data and monitoring, education, and ethics and publication committees, led by the executive members. The protocol subcommittee comprises short-and long-term e-CRF subcommit- tees that lead to develop and revise the short-and long-term e-CRF items and manual of operation (MOP), respectively. The data and monitoring subcommittee operates to conduct data management and monitoring and to provide the KNN Annual Report. The education subcommittee conducts various educational activities, including educational and principal investigator (PI) seminars, and maintains the KNN homepage, including a public announcement and the Q&A section on the Web site. The ethics and publication subcommittee mainly conducts various activities related to study proposals, publications, and newsletters, including education for publication ethics.
The executive board, spearheaded by the executive board members, conducts the actual management and final decision making regarding KNN organizations, registries, associated activities, and studies, as well as all the requests or suggestions related to the KNN.
The advisory committee comprises mainly the steering members of the KSN and some of the externally invited members, including one or more recommenders from the Korea CDC, epidemiologists, statisticians, and experts in relevant areas. They provide advice to the executive committee to maintain scientific rationality and effectiveness of the operation of the KNN at the highest level.
Aside from those, a PI committee, which is comprised of PIs from the KNN participating hospitals, was organized to preside actual KNN registration, data entry, study conduct, and writing of research articles. Once a year, the PI seminar is held for discussions and for educating members on various issues regarding registries, protocols, data quality, feedback for quality improvement, study proposals, and process changes in the KNN. 
KNN member hospitals

UNIQUE SYSTEMS OF THE KNN
The KNN established unique systems (Fig. 3) for the operation of the multicenter registry and preparation for infrastructure for multicenter clinical studies.
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Web-based registry for VLBWIs
VLBWIs admitted to the NICU at birth or transferred from other hospitals within 28 days of life to the KNN participating hospitals are registered to the KNN registry. Any VLBWIs who died at delivery room or transferred to other hospitals within 28 days after birth are excluded. Moreover, each participating hospital should obtain institutional review board (IRB) approval for the KNN study. Case registration requires informed consent from parents for the use of patient's information.
A CRF covers 3 visits as follows: at discharge from the NICU (visit 1), long-term outpatient follow-up registry at 18-24 months of corrected age (visit 2), and at the age of 3 yr (visit 3). The KNN developed approximately 120 items for the short-term e-CRF based on about 80 items commonly used in other major international neonatal networks. The KNN also developed about 70 items each for visit 2 or 3 as a long-term outpatient follow-up. The protocol subcommittee spearheaded to develop these shortand long-term items and the MOP for each item thoroughly and to make revisions if necessary. Data entry is available at any time from all KNN member hospitals because the network is operating on a Web-based system with the iCReaT platform of the Korea CDC. Moreover, all the original data registered are stored safely, immediately, and confidentially in the server of the Korea CDC, with decoding of all the identification information of hospitals and patients.
Real-time data display
The KNN has a unique data display system on the authorized member's page on the KNN Web site, which requires a secure login information. The optimized graphs for each item registered are instantly showing with periodic syncing of updated data on iCReaT. Moreover, they present the most recent statuses of the demographics, treatment, and outcomes of the enrolled patients and allows for easy access and simultaneous, real-time comparisons between the overall accumulated data and data from each hospital. Each data display can be modified easily by a maximum of four conditions defined by the log-in user, which can include detailed and powerful analyses and feedback by providing real-time summaries and comparisons according to specific conditions.
Data quality management system
The KNN registry data should be entered by PIs or corresponding NICU staff members or by study coordinators with extensive data management experience at the participating hospitals. The PI at each hospital is responsible for precise data entry based on actual medical records according to the most recent version of the MOP of the KNN registry. Data entry staff should complete an official education on the iCReaT system and receive a certificate to qualify to enter data into the e-CRF of the KNN. Therefore, periodically circulating members (e.g., residents and fellows) in the hospital should be excluded from the data entry.
Moreover, each institution has an obligation to obtain IRB approval before the start of the KNN registry and obtain informed consent from the parents for the use of patient information.
Appropriate and continuous data management and monitoring are essential so that accurate data are obtained from the actual data for analysis. The KNN developed a unique data management system that comprises query generation and external site-visit monitoring. An auto-query is autogenerated primarily from the e-CRF system when incorrect data are entered. A manual query is generated secondarily through periodic inspection by the central data manager. The PI at each participating hospital has an obligation to solve the received queries by directly solving or supervising the process of solving the queries made by giving an appropriate answer to the person who enters the data. Moreover, the PI has an obligation to participate in the PI committee and to improve the quality of data collected by presenting and discussing the data quality issues, including the number of queries received and whether they are solved.
Site-visit monitoring
The KNN developed a unique site-visit monitoring system. The KNN member hospitals have an obligation to comply with the direct external site-visit monitoring for a more accurate data collection. Site-visit monitoring is conducted by two people per site-visit, one KNN member neonatologist and one professional monitor. Site-visit monitoring is conducted in each member hospital twice a year. During monitoring, the neonatologist monitor conducts source document verification (SDV) for 5%-10% Fig. 3 . The unique systems specifically developed in the Korean Neonatal Network (KNN). KNN established unique systems, including not only organization structure and Web-based e-CRF registry but also a real-time data display system on the Website, a data-quality maintenance system using query generation and site-visit monitoring, and a feedback system using annual reports. The KNN consists of well-structured systems for education for registries and studies, as well as the online application of data use and study proposal. e-CRF, electronic case report form; iCReaT, internetbased clinical research and trial; CDC, Centers for Disease Control and Prevention; ID, identification; PI, principal investigator; Q&A, question and answer.
http://dx.doi.org/10.3346/jkms.2015.30.S1.S3 of registered cases in the e-CRF from the institution by direct inspection of and comparison with the corresponding actual medical record of the cases on predetermined SDV items. Another monitor member conducts inspection for actual registration rate among the total VLBWIs admitted in the institution and the completeness of the IRB documents and informed consent forms. If necessary, they may determine the re-entry of data based on the result of the inspection. The PI has the obligation to comply with this decision. Site-visit monitoring contributes not only to assurance for data quality but also to providing relevant information by face-to-face education or gathering various opinions by direct discussion regarding issues related to the KNN registry. Site-visit monitoring is ongoing in 56 KNN participating hospitals in 2015, which requires 56 neonatologists and monitor members, which means that 244 monitor persons are required for annual visits to 56 participating hospitals.
Educational system
Since the first KNN educational seminar was held in Buyeo in May 2013, the KNN holds the education seminar once a year at the venue of the KSN Spring Symposium. The content of the educational seminar for staffs from the participating hospitals who are involved in the KNN regards short-and long-term e-CRF MOP, data management and monitoring, publication ethics, and implementation of study proposals. The PI seminar for PIs from the participating hospitals is held once a year to promote the collaborative network. The KNN education subcommittee also conducts the operation of the KNN homepage and various educational activities, including the operation of the Q&A section in the Web site.
Annual reports for total and individual institutions and feedback
Following the application and participation to the KNN (Fig. 4) , the KNN member institutions receive objective feedback with data-driven comparisons of the current statuses of their NICUs with that of the overall status of the KNN participating NICUs. They can do this by themselves by using the real-time display at the KNN Website at any time. Furthermore, the KNN executive committee publishes an annual report by using the data for the total registered cases born in the previous year, thus already locked and cleared through the data management process. Each annual report contains a summary of all of the e-CRF items analyzed according to 1-week gestational age and 100-g birth weight of the enrolled infants. Moreover, the KNN executive committee sends individual and confidential annual reports to each PI in each institution. The report contains a comparison of important items from e-CRF between those from all the participating hospitals and those from individual hospitals, along with a summary according to 1-week gestational age and 100-g birth Fig. 5 . A diagrams included in the individual and confidential annual report of the KNN, showing the odds ratios (ORs) and 95% confidence intervals (CIs) for various treatment policies and outcomes, with adjustment for the gestational age of the enrolled VLBWIs. This diagram shows that Center 70474 (virtual center, not real) has significantly lower incidences of moderate to severe BPD and postnatal corticosteroid use than all the other participating hospitals, with adjusted OR of 0.5 and 0.3, respectively. These data-driven analyses provide a valuable and powerful feedback for quality improvement to each institution, where the institution positions among all of the KNN participating institutions in terms of specific items indicating care qualities. When the principal investigator (PI) in a certain hospital applies to participate in the KNN, the PI has to sign the pledge first for fulfilling the obligations and commitments, keeping the information secure during KNN participation. Then, the PI has to obtain IRB approval for the KNN registry from his/her hospital and required official education for the use of the iCReaT. When the PI submit IRB approval document to the KNN, the iCReat ID that enables access to the KNN Web-based registry was provided. After receiving the KNN participation certificate plate, the institution can start the KNN registry. To view their own real-time data display on the secure KNN member Web site, PIs have to confirm the entered data to the KNN e-CRF and resolve the auto and manual queries sent from the KNN center periodically. In addition, the PI has to accept the KNN site-visit monitoring twice a year for quality surveillance of data and the KNN administrative process. Accumulated data are locked periodically, followed by cleaning and statistical analysis by central data managers. Then, the KNN executive committee publishes a total or individual annual report of the previous year. It provides powerful interactive data-driven evidence for quality improvement to the individual participating center. Academic studies that used the KNN data are promoted through the study proposal application system. Active collaborations among participants occur directly in the education or PI seminar once a year and indirectly but continuously through the KNN Web site. PI, principal investigator; IRB, institutional review board; iCReaT, internet-based clinical research and trial; ID, identification.
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http://dx.doi.org/10.3346/jkms.2015.30.S1.S3 weight of the enrolled infants. In addition, it contains the position of each institution among all the KNN participating hospitals for each category while showing the relative position in 25-75 percentile graphics or calculated odds ratio (OR) adjusted by gestational age of the enrolled VLBWIs (Fig. 5) . These can provide objective evidence of the status of an NICU in relation to all the NICUs participating in the KNN, in terms of patient characteristics, treatment policies, care quality, and patient outcomes. Therefore, it provides powerful evidence-based feedback to promote quality improvement in each participating NICU eventually.
Application of the study proposal by using the KNN data Any investigators from the participating hospitals, which registered more than 10 cases to the KNN, have the right to apply the study proposal by using the KNN data at any time. The KNN developed an electronic application system for study proposal and data use on the KNN homepage, which is managed by the ethics and publication subcommittee. The KNN encourages the motivated young investigator to submit the study proposal to use KNN data through this system. Once the applied proposal is approved by the KNN executive board, the requested data with decoding of the hospital and patient information are provided to the investigator. The investigator must report the progress of the study within a specified period and should acknowledge the use of KNN data in the article or presentation (Fig. 6) .
Furthermore, to prevent excessive data use beyond the capability, a maximum of three studies can be conducted simultaneously per investigator, that is, until one of the applied studies is accepted for publication as a research article.
FUTURE PERSPECTIVES OF THE KNN
The KNN has been successfully established and run with unique systems, registering about 70% of VLBWI born in Korea annually, in a relatively short period, which took more than ten years in major developed countries. The KNN has to be maintained and developed further to generate appropriate, population-based, data-driven, health-care policies, and to facilitate active multicenter neonatal research, including quality improvement of neonatal care. We expect that these overall activities in KNN im- Fig. 6 . KNN Study site, an electronic application system for study proposal and data use on the Members site of KNN homepage (http://knn.or.kr). Any investigators of the participating hospitals, which registered more than 10 cases to the KNN, have the right to apply the study proposal by using this system at any time. KNN, Korean Neonatal Network.
prove evidence-based neonatal medicine and ultimately lead to the improvement of the prognosis of high-risk newborns and subsequent reduction in health-care costs, nationally and internationally.
Important future perspectives of the KNN are as follows.
Generation of population-based healthcare data
Through the KNN, the Web-based national registry of VLBWIs, Korean large population-based data for VLBWI can be generated annually, which can facilitate the development of national health-care policies. The KNN executive committee published the 2013 KNN Annual Report (22) , in which 1,386 VLBWIs born in 2013 and registered from 49 hospitals were evaluated. Currently, 60 NICUs participate in the KNN, and more than 2,000 new VLBWIs are registered annually, which cover about 70% of VLBWIs born in Korea in a year (8) . As the National Cancer Registry, the VLBWI registry has to be continued as a national health-care system project because one of the most important indexes in the global, national healthcare field is infant mortality rate. More than 50% of infant deaths are neonatal mortality, and most neonatal mortalities occur in small and weak VLBWIs. Therefore, the annual registry for these high-risk newborn infants will be an important basic database for formulating academic and healthcare policies aimed at reducing infant mortality in the nation.
Implementation of quality improvement
By collecting large-scale KNN data, we can not only share, learn, and assess the variation in practices and outcomes of VLBWIs between NICUs but also obtain evidence-based quality improvement data. The benchmarking indexes for mortality and major complications can be established, such as bronchopulmonary dysplasia, intraventricular hemorrhage, sepsis, necrotizing enterocolitis, or retinopathy of prematurity, which are devastating complications of high-risk newborns. Improvement of neonatal intensive care quality can be achieved gradually through the development of potentially better practices and implementation of quality improvement activity in participating hospitals. These ultimately contribute to reducing health-care costs in the nation.
Infrastructure for neonatal multicenter clinical research
Moreover, the KNN is an infrastructure of multicenter randomized clinical trials to verify the effectiveness of a new treatment and care policies in high-risk newborn infants in Korea. Another high-risk newborn registry such as the national hypothermia or late preterm follow-up registry can be also established. Multicenter clinical trials can promote scientific development and qualitative improvement in the actual treatment of these highrisk newborn infants, which facilitate the increase in survival rate and decrease in complication rate in high-risk neonates through the development of new neonatal intensive-care policies, which is appropriate in our health-care environment.
Global impact via internetwork comparisons
The KNN plans to join in the International Network for Evaluation of Outcomes of Neonates (iNeo) (24) , which is the international neonatal network for evaluating outcomes of very-lowbirth-weight and very preterm neonates from 9 countries or others such as International Neonatal Consortium (INC) (25) Collaborative comparisons of international health services for quality improvement in neonatal care or efforts to concentrate on those conditions most commonly encountered in NICUs can contribute to the global health impact. Eventually, through this, improvements in quality of life can be expected internationally by increasing the survival rate of high-risk neonates and decreasing risks of major complications, decreasing socioeconomic burden, and increasing the proportion of the productive economic population.
